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708a Wednesday, February 29, 2012patched with 140 mM intracellular Cl show robust depolarizing shifts of
NLC upon negative pre-pulse, with electromotility displaying a similar shift.
However, lower, more physiological levels of intracellular chloride (1 and
10 mM), induce an uncoupling of mechanical responses from NLC. That
is, voltage dependence of motility is shifted in the depolarizing direction
compared to that of NLC. The uncoupling shows hysteresis, being greater
with depolarizing voltage polarity. We have found disparities as large as
50 mV between charge movement and electromotility. Interestingly, we
find that diamide can reduce the disparity, suggesting that chloride modu-
lates a cytoskeletal coupling between prestin’s conformational state and
whole cell mechanics. Finally, the uncoupling we find imposes an additional
challenge for the voltage-sensitive protein prestin to drive the cochlear par-
tition during acoustic stimulation, since the whole cell mechanical response
is variably uncoupled from voltage depending on phase of receptor
potential.
(Supported by NIH/NIDCD DC 000273 to JSS)
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Fibrin networks exhibit strain stiffening behavior - at low strain their re-
sponse is linear, at higher strains their response becomes progressively stiffer.
It has been shown that in the low strain linear regime the individual fibers
bend and avoid being strained until they reach a critical point and start to
get pulled. Although many networks strain stiffen, this bending response
has never been reported and is only somewhat predicted in theory. Thrombin
is known to modulate the structure of fibrin networks, with lower concentra-
tions resulting in coarse networks and higher concentrations forming dense
ones. The thickness and bending stiffness of fibers in these networks should
be affected as well. Performing rheology on the networks at various concen-
trations and imaging the structure of fibrin will give insight into the mechan-
ical properties.Ion Motive ATPases
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The Naþ/Kþ ATPase is an integral membrane protein formed mainly by two
subunits; a and b. Recently, we showed that ouabain (a cardiotonic steroid
used in patients with heart failure) binds at two mutually exclusive sites
along the ion permeation pathway of the Naþ/Kþ ATPase, indicating a se-
quential ouabain binding mechanism. Here, we used a spectroscopic ap-
proach (LRET) to measure distances between a genetically encoded
lanthanide binding tag (LBT that binds Tbþ3 with high affinity) and a cyste-
ine-reactive fluorescent compound (TMR). We created energy transfer pairs
by encoding the LBT’s in several of the external loops of the a subunit and
cysteines substituted in different positions of the b subunit. These normally
functional LBT-Naþ/Kþ ATPase constructs were expressed in Xenopus lae-
vis oocytes that were voltage clamped with two microelectrodes to obtain
simultaneously electrical and LRET recordings under physiological ionic
conditions. By measuring donor-only decays and sensitized emission decays,
we estimated the distance between donor and acceptor. Distances from sev-
eral LBT-(Tb3þ)-TMR pairs were estimated, one at time, in the absence and
then in the presence of ouabain. Interestingly, in the presence of ouabain,
the distances increased. Ours results suggests that the Naþ/Kþ ATPase
might transit to a different conformation (not yet detected by crystallogra-
phy) when ouabain binds to the ion permeation pathway. This new confor-
mation could be a separation between the a and b subunits or
a rearrangement of the transmembrane segments to accommodate ouabain
deep into the permeation pathway. Further experiments are required to dis-cern between these possibilities. Supported by U54GM087519 and
GM030376.
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In exchanging three Naþ for two Kþ, Naþ/Kþ pumps move net charge
through the membrane’s electric field. Most charge moves during transitions
that release Naþ to the exterior, as Naþ traverse a fraction of the membrane
field along an access channel connecting their binding sites deep inside the
pump with the extracellular space. We separate the resulting electrical signals
from others in the pump cycle by withholding Kþ and intracellular ADP,
thereby constraining pumps to steps that release and rebind external Naþ. Un-
der these conditions, at a given external Naþ concentration ([Naþ]o) and
membrane potential, the pumps distribute among conformations with zero,
one, two, or three bound Naþ. After a sudden jump to a new potential, as
pumps redistribute to a new steady-state arrangement, transient currents are
generated upon Naþ-ion release or binding. By rapidly changing the squid
giant axon membrane potential, we previously identified three distinct compo-
nents in these transient current relaxations: fast (comparable to the voltage-
jump time course), medium-speed (tm ~0.2-0.5 ms), and slow (ts ~1-10
ms). Technical advances now allow us to simultaneously follow the charge
amounts in all three phases, with unprecedented temporal resolution. We
find that, over a broad range of [Naþ]o and potential, the charge amount con-
tained in the fast component is dictated by how far the medium-speed compo-
nent has progressed towards equilibrium at that time, which is itself
determined by how far the slow component has progressed. Thus, under all
conditions examined, as Naþ-bound and -unbound pump populations redis-
tribute, the amounts and time courses of the three charge movements are
closely correlated. These strict correlations reveal the dynamics of the confor-
mational changes by which Naþ are released from (or sequestered into) their
binding sites one at a time, in an obligatorily sequential manner. HL36783,
U54-GM087519.
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The Naþ/Kþ pump is a nearly ubiquitous membrane protein in animal cells that
uses the free energy of ATP hydrolysis to alternately export 3Naþ from the cell
and import 2Kþ per cycle. This exchange of ions produces a steady outward
current, proportional in magnitude to the cycle turnover rate. When the absence
of Kþ prevents cycling, a sudden voltage jump causes the Naþ/Kþ pump to
generate temporally distinct transient currents that represent the kinetics of ex-
tracellular Naþ binding/release and Naþ occlusion/deocclusion transitions. For
many years, these electrical signals have escaped a proper thermodynamic
treatment due to the relatively small size of the currents. Here, taking advantage
of the large diameter of the axons from the Humboldt squidDosidicus gigas, we
have separated the kinetic components of the transient currents over an ex-
tended temperature range and thus characterized the energetic landscape,
both of the Naþ/Kþ pump cycle and of those transitions associated with extra-
cellular release of the first Naþ from the deeply occluded state. A global fit of
the energetic parameters of a model that included the occlusion/deocclusion
transition followed by binding/unbinding reactions was made using 150 mea-
surements spanning a voltage range between 120 and þ60 mV and a temper-
ature range between 17 and 32oC. The occlusion/deocclusion transition
involves large changes in enthalpy (Q10=3.3) and entropy that largely compen-
sate each other as the ion is deoccluded for release to the external milieu. The
subsequent binding/unbinding reaction is substantially less costly (Q10=2),
though still larger than predicted for the energetic cost of an ion diffusing
through a permeation pathway, suggesting that ion binding/unbinding must in-
volve amino acid side chain rearrangements at the ion coordination site. Sup-
ported by FIRCA grant R03 TW008351 and U54GM087519, GM030376,
NS64259, HL36783, Fondecyt-1110430.
